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[57] ABSTRACT 
A connection process between an optical ?ber and an 
optical microguide, the microguide having on a sub 
strate, a structure having two media and a core between 
the media and whose refractive index is higher than 
those of the media, wherein substantially anisotropic 
etching takes place of the structure from one end of the 
microguide, so as to eliminate from the structure a zone 
allowing the axis of the core as the median line and 
whose width is at least equal to the external diameter of 
the ?ber. Etching by a dry process takes place of part of 
the substrate which is located beneath the thus elimi 
nated zone and over a depth making it possible to bring 
into coincidence the core of the microguide and the 
core of the ?ber, when the latter rests on the bottom of 
the recess formed in this manner in the substrate and the 
?ber is ?xed in said recess. 

19 Claims, 8 Drawing Sheets 
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CONNECTION PROCESS BETWEEN AN OPTICAL 
FIBRE AND AN OPTICAL MICROGUIDE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a process for connec 

tion between an optical ?ber and an optical microguide. 
The optical ?ber can be a monomode or monomodal 
?ber or a multimode or multimodal ?ber 

2. Discussion of the Background 
The optical microguide is of the type which com 

prises, on a substrate, a guidance structure incorporat 
ing a core called the “microguide core” and located 
between two media, whose respective (refractive indices 
are below the refractive index of the microguide core. 
By de?nition, a guidance structure is a structure re 

sulting from the superimposing of three media, the in 
termediate medium (the core) having a refractive index 
higher than that of the two other media. 
A microguide is a special guidance structure, whereof 

at least one of the three media constituting the guidance 
structure is laterally limited (e.g. by etching), so as to 
ensure a lateral con?nement of the light. 
The axis of the microguide core (corresponding to 

the microguide axis) is then de?ned as an axis located 
mid-height of the medium forming the core, parallel to 
the axis of the laterally limited or de?ned medium or 
media and contained in the same plane as said axis, said 
plane being perpendicular to the planes of the layers of 
the guidance structure. 

Strictly speaking the core axis should be de?ned from 
the overlap integral of the guided modes of the ?ber and 
the microguide, which must be at a maximum. In prac 
tice, said axis is always very close to the geometrical 
axis of the previously de?ned core. Therefore it is the 
latter axis which will be considered throughout the 
remainder of the description for simplicity reasons. 
Moreover, for greater clarity, the following descrip 

tion refers to a microguide, whereof only the medium 
forming the core is laterally limited, it being obvious 
that the invention applies to all types of microguides. 
On returning to the two media between which is 

located the microguide core, the upper medium, i.e. that 
not in contact with the substrate, can be air, but in gen 
eral the adjacent media to the core are constituted by 
two layers of appropriate materials or the same appro 
priate material, which can be silica when the substrate is 
of silicon. 
The present invention more particularly applies to 

the ?eld of integrated optics. In this ?eld, the coupling 
operation between a monomode or multimode optical 
?ber and an optical microguide is important and must be 
at the same time: 
(1) effective, i.e. must lead to connection losses not 

exceeding approximately 0.5 to 1 dB, 
(2) fast and therefore, if possible, must not require mi 

cropositioning of the ?ber before the latter is ren 
dered integral with the optical microguide and 

(3) inexpensive, while integrating in the best possible 
way with the other technical operations leading to 
the production of the optical microguide. 
The present invention relates to a process able to 

satisfy the aforementioned requirements. 
FIGS. 1 and 2 illustrate the importance of obtaining a 

correct connection between an optical ?ber and an 
optical microguide. In an exempli?ed manner use is 
made of a ?ber of type STL CW 1505 E, whose core has 
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2 
a diameter of 8 micrometres and which is used with a 
light, whose wavelength is 1.55 micrometers. 
FIG. 1 shows the variations of the coupling ef? 

ciency R as a function of the misalignment of the optical 
axis of the ?ber and the optical axis of the microguide 
(said misalignment being expressed in micrometers), for 
a microguide having, between two silica layers, a doped 
silica core, whose cross-section is shaped like a square 
with a 4.8 micrometer side length and whose optical 
index exceeds that of the adjacent layers by a value 
equal to 6-10"3 (i.e., curve I in FIG. 1) or 7-10-3 (i.e., 
curve II in FIG. 1). 
FIG. 2 shows the variations of the coupling ef? 

ciency R as a function of the distance (in micrometers) 
between the aforementioned optical ?ber and an optical 
microguide having, between two silica layers, a doped 
silica core, whose optical index exceeds by 740-3 that 
of the adjacent layers and whose cross-section is shaped 
like a square with a 5 micrometre side length (i.e., curve 
I of FIG. 2) or the shape of a rectangle 6 micrometers 
long and 5 micrometers wide (i.e., curve II of FIG. 2). 

Connection processes between an optical ?ber and an 
optical microguide are already known. 
One of these known processes is diagrammatically 

illustrated in FIG. 3 and ?rstly consists of forming in a 
support 2, a V-shaped recess 4 for receiving the optical 
?ber 6. When the latter is put in place in its recess 4, the 
microguide 8 is positioned on the support 2 facing the 
?ber. 

This microguide comprises, e.g. on a substrate 10, 
two silica layers between which is located the micro 
guide core and the positioning is carried out in such a 
way that the substrate 10 is not in contact with the 
support 2, so that it is one of the two silica layers which 
is in contact with said support. 
The depth of the V-shaped recess 4 is such that the 

axis of the core 12 of the ?ber 6, which is put into place 
in said recess 4, projects beyond the surface of the sup 
port 2 and substantially coincides with the axis of the 
optical microguide core 14. 
The relative lateral positioning of the optical ?ber 6 

with respect to the optical microguide 8 generally takes 
place with the aid of not shown rails formed both on the 
support 2 and at least in the silica layer in contact with 
the support 2. 

This known process suffers from the disadvantage of 
requiring two supports, namely the support 2 and the 
substrate 10 of the optical microguide 8. Moreover, 
bearing in mind the alignment constraints, it is very 
dif?cult to obtain an effective coupling between the 
optical ?ber and the optical microguide without dy 
namic alignment of the two supports (i.e. without mi 
cropositioning of the microguide 8 and therefore its 
substrate 10 with respect to the support 2), which leads 
to a long connection time and to high connection costs. 
According to a second known process diagrammati 

cally illustrated by FIG. 4, the optical ?ber 6 is put into 
place in a V-shaped recess 16 formed in the support 18, 
like support 2, said support 18 being put into place on 
another'support 20 and, in turn, the microguide 8 is 
placed on the support 20, so that its substrate 10 is in 
contact with the support 20. The depth of the recess 16 
is such that the optical ?ber core axis can then be sub 
stantially aligned with the axis of the core of the micro 
guide 8. 
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Therefore this second known process is even more 
complicated and costly than the ?rst known process, 
because it requires an additional support. 

SUMMARY OF THE INVENTION 

The present invention relates to a connection process 
between an optical ?ber and an optical microguide, 
which is simpler and therefore less expensive than the 
aforementioned known processes. This simpli?cation 
more particularly results from the fact that, in the pres 
ent invention, use is only made of a single support, 
namely the substrate on which is formed the optical 
microguide. 
More speci?cally, the present invention relates to a 

connection process between an optical ?ber and an 
optical microguide comprising, on a substrate, a guid 
ance structure having a core and two media, whose 
respective refractive indices are below those of the core 
of the structure, called the microguide core, said core 
being located between the two media, said process 
being characterized in that it comprises the following 
stages: 

the guidance structure is etched from one end of the 
optical microguide, so as to eliminate from said struc 
ture a zone allowing the axis of the microguide core as 
the median line and whose width is at least equal to the 
external diameter of the optical ?ber, 

part of the substrate located beneath the thus elimi 
nated zone is etched by the dry process over a depth 
making it possible to substantially bring about coinci 
dence between the axis of the core of the microguide 
and the axis of the core of one end of the ?ber said end 
resting on the bottom of the recess formed in this way in 
the substrate and 

the end of the optical ?ber is ?xed in the recess so as 
to substantially obtain said coincidence. 

Obviously, the zone eliminated from the guidance 
structure has an adequate length, e. g. approximately 100 
to 1000 micrometers, to enable said ?ber to be appropri 
ately maintained in the recess formed in the substrate by 
etching the latter. 
The use of dry etching in the present invention for 

etching said portion of the substrate, makes it possible to 
produce the recess in any random direction. Preferably, 
the guidance structure is etched substantially anisotrop 
ically. 
According to a preferred embodiment of the inven 

tive process, the dry etching of said portion of the sub 
strate is isotropic. This leads to a recess with concave 
lateral or side walls. Seen in cross-section, said recess 
essentially has the shape of a U with concave lateral 
branches. Bearing in mind the concavity of the etched 
walls of the substrate, there is an advantageous de?ni 
tion of lateral supporting points, for the lateral position 
ing of the ?ber, on the walls of the etched guidance 
structure, which permits a good centering of the ?ber 
relative to the core. Moreover, a supporting point for 
the vertical positioning of the ?ber is de?ned in the 
bottom of the recess formed in the substrate. 
According to a preferred embodiment of the process 

according to the invention, the width of said zone is 
equal to the external diameter of the ?ber. 

In this case, it is not necessary to carry out a dynamic 
positioning of the optical ?ber relative to the optical 
microguide, which leads to a process which is simpler 
than the ?rst known process referred to hereinbefore 
and which requires dynamic positioning. 
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Obviously, as a variant, e.g. in the case of impreci 
sions on the ?ber diameter, the width of the eliminated 
zone can exceed the given external diameter of the 
optical ?ber and can e.g. 1.05 to 1.2 times said diameter, 
but then there will be a dynamic positioning of the 
optical ?ber relative to the optical microguide. 

Moreover, when the substrate is etched, the guidance 
structure can be slightly etched when the etching of the 
substrate is not sufficiently selective with respect to the 
materials of the guidance structure, there then being an 
overetching of said guidance structure. 
Account should be taken of said overetching on etch 

ing the guidance structure, by providing a width of the 
zone substantially equal to the difference between that 
which it is wished to be finally obtained and the esti 
mated value of the overetching. 

Moreover, when said overetching is not the same for 
all the layers of the guidance structure, particularly 
with respect to the interface of the microguide, e.g. in 
the case of a structure of type SiO2/Si3N4/SiO2, it is 
also appropriate to completely or partly protect said 
interface in order not'to disturb the ?ber microguide 
connection. 

In order to carry this out, it is possible to produce the 
microguide in such a way that its superstrate, of SiO; in 
the aforementioned example, completely covers the 
microguide core and the guidance structure is etched so 
as to leave a limited superstrate thickness before the 
core. 

The process according to the invention is compatible 
with other technical processes which may be used, inter 
alia for producing the optical microguide and other 
optical components. 
According to a special embodiment of the process 

according to the invention, the microguide substrate is 
of silicon and is etched by reactive ionic etching, using 
as the mask the previously etched guidance structure 
and whose constituent materials are chosen for them to 
be able to ful?ll this mask function. Thus, use is made of 
dry and advantageously isotropic etching leading toa 
substantially U-shaped recess having concave lateral 
branches, instead of a V-shaped recess. 

It should be noted that, in the present invention, bear 
ing in mind the fact that the substrate is dry etched, 
there is no orientation problem such as would occur in 
the case of a connection between an optical ?ber and an 
optical microguide, if the ?ber were placed in a V 
shaped recess formed in a silicon substrate by preferred 
chemical etching of the silicon and if the microguide 
were itself previously formed on said substrate. 
Thus, in such a substrate, the direction of the V 

shaped recess would be imposed by the direction of the 
type 111 crystallographic planes. Consequently there 
could only be two possible relative orientations of the 
V-shaped recess relative to the microguide, said two 
orientations being perpendicular to one another. 
The special embodiment referred to hereinbefore 

does not suffer from such a disadvantage, because it 
utilizes a reactive ionic etching of the substrate, which 
can e.g. be carried out with the aid of a microwave 
plasma. 

In a special embodiment of the invention, the sub 
strate is of silicon, the media adjacent to the core being 
not intentionally doped silica layers and the core is of 
doped silica. 

In another special embodiment, the substrate is of 
silicon, the media adjacent to the core are not intention 
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ally doped silica layers and the core is of silicon nitride 
or silicon oxynitride. 

In the present invention, the recess formed in the 
substrate of the optical microguide is only used for the 
depth positioning, or vertical positioning of the optical 
?ber. Therefore the depth of said recess'is chosen so as 
to substantially permit the coincidence of the respective 
axes of the optical ?ber core and the optical microguide 
core in projection on a plane perpendicular to the sur 
face of the optical microguide. 
The lateral positioning of the optical ?ber is ensured 

by the guidance structure, or more precisely by its side 
walls, which appear when elimination takes place of 
said zone of the guidance structure, the distance be 
tween said walls (width of the eliminated zone) being 
equal to the external diameter of the optical ?ber. 
When the media surrounding the optical microguide 

core are silica layers, the total thickness of the said silica 
layers (i.e., the height of the side walls of the guidance 
structure) can be approximately 15 to 30 micrometer. 
Such a height is suf?cient to ensure the lateral position 
ing of the optical ?ber when the width of the eliminated 
zone is equal to the external diameter of said ?ber. 

In order to improve the relative positioning of the 
optical ?ber and the optical microguide, it is possible to 
etch the guidance structure and the substrate in such a 
way that, from the side of the ?ber microguide inter 
face, the width of the eliminated zone decreases 
towards said interface. 

In order to eliminate a misalignment problem be 
tween the optical ?ber and the optical microguide, 
which might appear when the optical ?ber is too close 
to the optical microguide core, it is possible to etch the 
guidance structure so as to free from it a tongue, which 
allows as the median line the axis of the microguide core 
and whose width is at the most equal to the depth of the 
recess. Advantageously, the tongue length is at least 
equal to the recess depth. 
An index adapting material is preferably located at 

the ?ber microguide interface in order to improve the 
coupling ef?ciency between the ?ber and the micro 
guide. 
The invention also relates to a connection process 

between an optical ?ber and an optical microguide 
comprising, on a substrate, a guidance structure having 
a core and two media, whose respective refractive indi 
ces are below that of the core of the structure, called the 
microguide core, said core being located between the 
two media, characterized in that it comprises the fol 
lowing stages: 
one of the media is formed on the substrate, 
on said medium formed on the substrate is formed an 

intermediate layer from which the microguide core is 
subsequently produced, 

the intermediate layer is etched so as to form the core 
of the microguide and eliminate from said intermediate 
layer a zone allowing the axis of the microguide core as 
the median line and whose width W is chosen so as to 
permit the subsequent positioning of the optical ?ber in 
alignment with the microguide core, 
on the structure resulting from the said etching of the 

intermediate layer is formed an overlap layer constitut 
ing the other medium, 

the resulting guidance structure is etched so as to 
eliminate from said guidance structure another zone 
substantially allowing the axis of the microguide core as 
the median line and whose width, decreased by the 
width of the eliminated zone of the intermediate layer, 
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6 
is at least equal to twice the uncertainty on the superim 
posing of said zones, 

dry etching takes place of part of the substrate lo 
cated beneath the zone eliminated in this way from the 
guidance structure, over a depth making it possible to 
bring about substantial coincidence between the axis of 
the microguide core and the axis of the core of one end 
of the ?ber when said end rests on the bottom of the 
recess formed in this way in the substrate and 

the end of the optical ?ber is ?xed in this recess so as 
to substantially bring about the coincidence. 
The latter process has the advantage of de?ning the 

lateral supporting points of the ?ber in the guidance 
structure with the same mask level as that making it 
possible to produce the microguide core (lateral sup 
porting points spaced by W). In this way, the median 
plane to the axis connecting the lateral supporting 
points contains both the axis of the ?bre and that of the 
microguide core. 

Preferably, the guidance structure is substantially 
anisotropically etched. Preferably, the etching by the 
dry process of said part of the substrate is isotropic. 

Various ideas will not be considered using silicon as 
an example. 
A chemical anisotropic etching (or wet anisotropic 

etching) of the silicon stops on the 111 planes. It can 
only be used for forming V’s (from 100 planes) or U’s 
(from 110 planes) in two directions which are parallel or 
perpendicular and which are the traces of planes of type 
111. 
A dry anisotropic etching, as opposed to wet etching, 

of Si can be used in the invention. 
A chemical isotropic etching (or wet isotropic etch 

ing) of Si is independent of the crystalline directions and 
can be used with the same advantages as dry isotropic 
etching, but is more dif?cult to carry out. 
A dry isotropic etching (as opposed to wet etching) 

of Si is preferably used in the invention and is indepen 
dent of the crystalline directions. It requires lateral 
supporting points for the lateral positioning of a ?ber. 
According to the invention for this purpose use is made 
of silica walls surmounting the etched Si substrate. The 
etching depth is controllable in situ during the etching 
of Si for the vertical positioning of the ?bre.~ 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is described in greater detail 
hereinafter relative to non-limitative embodiments and 
with reference to the attached drawings, wherein: 
FIG. 1 shows the variations of the coupling ef? 

ciency between an optical ?ber and an optical mircro 
guide as a function of the misalignment of the latter and 
which has already been described. 
FIG. 2 indicates the variations of the coupling ef? 

ciency between an optical ?ber and an optical micro 
guide as a function of the distance between the latter 
and has already been described. 
FIG. 3 diagrammatically shows a known connection 

process between an optical ?ber and an optical micro 
guide and which has already been described. 
FIG. ,4 diagrammatically illustrates another known 

connection process between an optical ?ber and an 
optical microguide and which has already been de 
scribed. 
FIG. 5 diagrammatically shows an optical micro 

guide which it is wished to connect to an optical ?ber 
according to the invention. 
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FIGS. 6 and 7 diagrammatically indicate different ' 

7 

stages of a connection process according to the inven 
tion. 

FIGS. 7A and 7B diagrammatically show a differen 
tial etching problem with respect to the microguide and 
which is liable to occur during overetching during the 
performance of this process, the microguide being 
shown in section in a plane containing the axis of its 
core. 

FIGS. 7C to 7E diagrammatically set forth manner of 
solving this problem, the microguide again being shown 
in section in a plane containing its core axis. 
FIG. 8 diagrammatically indicates other stages of the 

process illustrated by FIGS. 6 and 7. 
FIG. 9 diagrammatically illustrates a variant of this 

process. 
FIG. 10 a correct alignment of the core of an optical 

?ber the core of an optical microguide obtained accord 
ing to the invention. 
FIG. 11 diagrammatically the misalignment liable to 

occur between the ?ber and the microguide when the 
?ber is too close to the microguide core. 
FIGS. 12 to 14 diagrammatically a process according 

to the invention making it possible to obviate this disad 
vantage. 
FIGS. 15 to 20 diagrammatically different stages of 

another process according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A special embodiment of the inventive process will 
now be described. It consists of connecting an optical 
?bre to an optical microguide 22 formed from a guid 
ance structure placed on a substrate 26. The guidance 
structure comprises (cf. FIG. 5) a layer 28 located on 
the substrate 26 and another layer 30 located on the 
layer 28 and, between the layers 28 and 30, the rectilin 
ear core 32 of the microguide, whose refractive index 
exceeds the refractive index of the layer 28 and the 
refractive index of the layer 30. 

In a purely indicative and in no way limitative man 
ner, the substrate 26 is of silicon, the layers 28 and 30 are 
of not intentionally doped silica and the core 32 is of 
doped silica or silicon nitride or even silicon oxynitride 
(SiOxNy). 
The production of optical microguide is known. 
In order to produce the connection between the opti 

cal ?ber, and the optical microguide, the ?rst step is to 
eliminate part of the guidance structure, as can be seen 
in FIG. 6, the thus eliminated zone allowing the axis Z 
of the microguide core as the median axis. 
As shown in FIG. 6, said zone extends from one edge 

of the microguide 22 and, in plan view, has a substan 
tially rectangular shape. In order to eliminate this zone, 
the guidance structure is etched through an appropriate 
mask 34, which is formed beforehand on the layer 30. It 
consists of a selective etching by which the layers 28 
and 30 and the core 32 are eliminated in said zone, but 
the part of the substrate 26 located below said zone 
remains substantially intact. 

In a purely indicative and non-limitative manner with 
a silicon substrate, silica layers 28 and 30 and a silica, 
silicon nitride or silicon oxynitride core 32, it is possible 
to use a three-layer resin mask, or an amorphous silicon 
mask or a nickel-chromium mask and it is possible to use 
a plasma-type, substantially anisotropic dry etching 
with a ?uorine-based reactive gas, such as CZFG, CHF3 
or CF4. After etching the guidance structure, the mask 
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8 
is either eliminated, or maintained on said structure, 
particularly in the case of a resin mask. 

After etching the guidance structure, in the substrate 
26 and below the zone of said structure which has been 
eliminated, is formed a recess 36 (cf. FIG. 7), whose 
cross-section, through a plane perpendicular to the 
microguide core axis, is substantially shaped like a U 
with concave lateral branches in the example shown 
and which allows, as the plane of symmetry, the plane 
containing the axis of the microguide core and which is 
perpendicular to the layers 28 and 30. 

In a purely indicative and non-limitative manner with 
the aforemention silicon substrate, silica layers 28 and 
30 and a silica, silicon nitride or silicon oxynitride core, 
the previously etched guidance structure is used as the 
mask and dry isotropic etching of the substrate is per 
formed, such as a reactive ionic etching using micro 
waves and a ?uorine-based reactive gas, e.g. the mixture 
SF6+OZ, the electromagnetic power levels used being 
between 200 and 1000 W. 

It is appropriate to produce the recess 36 in the sub 
strate with a maximum accuracy depth, which is prefer 
ably de?ned to within one micrometer. Two proce 
dures can be used for this. 
A ?rst procedure consists of checking the etching 

time after accurately calibrating the etching speed. In 
this way etching precisions of approximately 0.5 to l 
micrometer are obtained to a depth of 60 micrometers. 
Another procedure consists of carrying out an in situ 

interferometric control or check by using an optical 
interferometer mounted on the machine used for etch 
ing the substrate. 
The elimination of the zone of the guidance structure 

leads to the appearance on the latter of side walls 38 and 
an interface wall 40 on which is located the end of the 
microguide core 32. Returning to the zone of the guid 
ance structure which has been eliminated, it is appropri 
ate for its length L to be adequate to enable the ?ber to 
be appropriately maintained in the recess 36. This 
length L can be approximately 100 to 1000 microme 
ters. 
The width W of said zone is determined so as to 

permit a lateral positioning of the ?ber and must there 
fore be at least equal to the external diameter of said 
?ber (diameter of the optical cladding of the ?ber de 
prived of its protective sheath). A width W (distance 
between the side walls 38) equal to said external diame 
ter makes it possible, as shown, to obtain a non-dynamic 
positioning of the optical ?ber. The width W is essen 
tially determined by the dimensions of the mask 34 used 
for etching the guidance structure. 
These dimensions must be calculated taking account 

of the various overetchings which may subsequently 
occur, namely during the etching of the substrate 26, 
and which increase the initial width W by a value gener 
ally between 2 and 4 micrometers, as a function of the 
processes used. 
The dimensions of the mask 34 can be without dif? 

culty determined to within 0.5 micrometer, this preci 
sion being adequate for performing the connection pro 
cess according to the invention. 

It should be noted that the use of layers 28 and 30, e. g. 
of silica, which contain the microguide core for the 
lateral positioning of the ?ber facilitate the alignment 
between the said ?ber and the actual microguide. 

Details will now be given of how account is taken of 
the overetchings at the interface 40. Thus, in the case of 
a guide with a non-homogeneous structure (where the 
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layers 28, 30 and 32 are different), e.g. of type SiOgj 
Si3N4/Si02 or SIOZ/SiOxNy/SIOZ on a silicon substrate 
(FIG. 7A), the core 32 can be etched differently from 
the surrounding silica medium during the etching of the 
silicon substrate 26 (FIG. 7B), which can optionally be 
prejudicial. In order to obviate this, during the produc 
tion of the microguide, the layer for forming the micro 
guide core is etched in the vicinity of the interface 40 
(FIG. 7C). The core 32 is then completely covered by 
the SiO; superstrate 30 (FIG. 7D). 

Thus, during the etching of the layers formed on the 
substrate, which leads to the formation of the interface 
40 (FIG. 7E), there is a silica thickness e in front of the 
core 32 and which obviates the problem of a different 
etching of the core during the etching of the substrate 
26. The thickness e must not exceed 10 to 15 microme 
ters. This is hardly prejudicial to the efficiency of the 
coupling and makes it possible to obtain a homogeneous 
interface. 
The depth P of the recess 36 is chosen in such a way 

that on placing one end of the optical ?ber in said re 
cess, the core axis of said ?ber substantially coincides 
with the axis Z of the microguide core 32. 
When the etching of the substrate leading to the for 

mation of the recess 36 is ?nished, one end of the ?ber 
42 (FIG. 8) is placed in said recess, so that it rests on the 
bottom of the latter. 
When the width W is equal to the external diameter 

of the ?ber the lateral positioning of the latter is directly 
obtained and the vertical positioning of the ?ber is also 
obtained, because the recess depth P has been deter 
mined for this purpose, so that the axis of the core 44 of 
the end of the ?ber 42 and the axis Z of the microguide 
core substantially coincide. 
The ?xing of the end of the ?ber in the recess 36 can 

be carried out with the aid of an optical adhesive or 
glue, such as a UV glue sensitive to ultraviolet radia 
tion, e. g. of the type marketed by Nordland under refer 
ence NOA 61, whereof a ?lm is placed on the ?ber after 
positioning the end of the said ?ber 42 in the recess 36. 
As a variant, the ?ber is ?xed by metallic welding, 

after depositing metallic layers (eutectic or indium) in 
the bottom of the recess 36 and at the end of the optical 
?ber cladding which must be in contact with the bottom 
of the recess, but obviously not with the end face of the 
?ber, which must be positioned facing the microguide 
core. 

In the case where a metal weld is used, it is necessary 
to take account of the thicknesses of the metal layers for 
the dimensioning of the recess 36. 

In order to improve the ef?ciency of the coupling 
between the ?ber and the microguide, it is possible to 
place an index adapting material 46 at the ?ber guide 
interface, e.g. in the form of an appropriate adhesive or 
gel, said material being e.g. injected following the me 
chanical positioning of the ?ber. 
The distance D (FIG. 9) between the optical ?ber and 

the optical microguide is not a critical parameter in the 
end-to-end connection and a distance D of approxi 
mately 10 to 20 micrometers is acceptable and is even 
more so when using the index adapting material at the 
?ber guide interface (in order to eliminate the optical 
losses known as Fresnel losses). 

This non-criticality property is usable for further 
improving the relative positioning of the optical ?ber 
and optical microguide by producing a mask 34 making 
it possible to eliminate from the guidance structure a 
zone leading to side walls 38 which, from the side of the 
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interface wall 40, approach one another on moving 
towards said wall 40 and as shown in FIG. 9. 
More speci?cally, each side wall 38 then comprises a 

?rst part 37 located on the side of the edge of the struc 
ture and parallel to the axis Z and a second part 39 
forming an acute angle with said axis Z and which 
approaches the latter on moving towards the interface 
wall 40. 

In this case, an identical convergence is obtained for 
the recess 36 when the substrate 26 has been etched for 
forming said recess. It is then possible to position the 
end of the optical ?ber 42 so as to abut against the parts 
39 of the side walls of the structure. 
Without leading to any deterioration in the coupling 

quality between the ?ber and the microguide, it is possi 
ble to make up a reading error of +1 micrometer over 
the width W of the eliminated zone without encounter 
ing any dif?culty. 
With an angle of e.g. approximately 6° between each 

part 39 of the side wall and the axis Z of the microguide 
core, this leads to an ideal ?ber positioning relative to 
the microguide, with adistance D less than 10 microme 
ters, for an interface width LI of the microguide equal 
to 125 micrometers and for an optical ?ber with an 
external cladding diameter between 125 and 127 mi 
crometers giving an optical loss of only approximately 
0.2 dB. 
On considering a microguide having a silicon sub 

strate 28 and whose layers 28 and 30 are of silica, a 
reactive ionic etching of said substrate is highly iso 
tropic. The overetching S (under the silica layers, of. 
FIG. 10) is approximately 30 micrometers for a recess 
depth P of approximately 60 micrometers (S being gen 
erally approximately P/2). ' 
However, perpendicular to the material used for the 

mask for said silicon substrate etching, the shape of the 
recess leads to a depth P’, which is slightly less than P, 
as can be seen in FIG. 10. This is not prejudicial to the 
positioning of an optical ?ber having a circular cross 
section and whose end is not positioned too close to the 
microguide core end, the bringing into coincidence of 
the axis of the core of said ?ber end and the axis of the 
microguide core being substantially obtained in the 
desired manner. 
However, said different depth P’ becomes prejudicial 

when the optical ?ber end is moved closer to the micro 
guide core end. Thus, as from a point d (of. FIG. 11), 
the optical ?ber end rises slightly following the shape of 
the recess and there is a both angular and vertical mis 
alignment between the axis of the core of the optical 
?ber end and the axis of the microguide core, which 
leads to a reduction in the coupling between the optical 
?ber and the optical microguide. 

In order to obviate this disadvantage, it is necessary 
to make P’ as close as possible to P and therefore re 
duce, during the substrate etching, the shadowing effect 
of the mask used for said etching. To do this, a modi?ca 
tion is made to the shape of that part of the structure 
which corresponds to the ?ber microguide interface. 
More speci?cally, it is ensured that said part overhangs 
the bottom of the recess. 
For this purpose, etching takes place of the guidance 

structure (FIG. 12) using a mask 48, whose shape is 
chosen so as to free a part of the guidance structure in 
the form of a tongue 50, whose median axis is the micro 
guide core axis Z. This tongue 50 advances between the 
side walls 38 of the structure when the latter has been 
etched through the mask 48. 
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This is followed by a selective etching of the sub 
strate 26 (FIG. 13) beneath the tongue 50 and beneath 
the previously etched guidance structure zone, so as to 
free said tongue 50. Thus, the tongue overhangs over 
the bottom of the recess resulting from the etching of 
the substrate. 
By forming a tongue with a length LL at least equal 

to the depth P of the recess formed in the substrate and 
whose width W1 is at the most equal to said depth P, the 
etching of the substrate (etching the silicon in the case 
of a silicon substrate), which has taken place in three 
directions respectively perpendicular to the three free 
faces of the tongue, makes it possible to obtain a perpen 
dicular distance P’ very close to P and therefore greatly 
reduce the parasitic ?ber rise phenomenon. 

In practice, e.g. for monomode microguide struc 
tures, it is possible to choose for LL a value of approxi 
mately 60 to 100 micrometers and for wl a value of 
approximately 20 to 30 micrometers. 
Once the tongue has been formed, as previously, 

?xing takes place of the end of the optical ?ber 42 (FIG. 
14) in the recess formed in the substrate, so that the end 
face of the ?ber faces the end face of the tongue 50 and 
the axis of the core of said ?ber end substantially coin 
cides with the microguide core axis Z located in the 
tongue. 
The present invention can be realized with a guidance 

structure formed on a silicon substrate and having a 
silica layer 28, whose thickness is between 2 and 15 
micrometers, a silica layer 30 having a thickness be 
tween 5 and 10 micrometers and a silicon nitride core 32 
with a thickness between 0.1 and 0.2 micrometer. 
The invention can also be realized with a guidance 

structure formed on a silicon substrate and having a 
silica layer 28 with a thickness between 6 and 12 mi 
crometers, a silica layer 30 with a thickness between 2 
and 10 micrometers and a doped silica core 32 with a 
thickness between 2 and 6 micrometers. 
An explanation will now be given of a special em 

bodiment of the invention with reference to FIGS. 15 to 
20. It is ?rstly pointed out that the structure of FIG. 5 
is conventionally produced in the following way. The 
layer 28 is formed on the Si substrate. On the layer 28 is 
formed an intermediate layer from which the core 32 
will be formed. A ?rst mask is formed on said intermedi 
ate layer. This mask is etched in order to make it possi 
ble to form the core 32. The intermediate layer is etched 
through said mask, which leads to the core 32. The ?rst 
mask is removed. The layer 30 is deposited and gives 
the structure of FIG. 5. A process according to the 
invention can then be performed (FIGS. 6 to 8). How 
ever, a problem arises. The opening of the silica guid 
ance structure takes place with the aid of a second mask 
level 34 different from the ?rst mask used for producing 
the microguide core 32. In order to have a good ?ber 
microguide connection, it is necessary for the micro 
guide core axis to coincide with the axis of the silica 
opening. However, this is not the case in practice. This 
is due to alignment problems of the two masked levels, 
particularly due to the topography (depressions and 
protuberances of several micrometers). 
To solve the problem and have a better alignment, 

the following procedure described relative to FIGS. 15 
to 20 is adopted. 
The layer 28 (buffer layer) is formed on the Si sub 

strate (FIG. 15). On layer 28 is formed an intermediate 
layer 320 intended to form the microguide core 32. A 
masking material 33 is deposited on the layer 320. This 
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material 33 (e.g. amorphous Si, metal or three-layer 
resin) permits a dry etching of the silica layer 320. 
The material 32 is then etched so as to remain above 

the zone corresponding to the microguide core and 
allow the appearance of a zone 32b of said layer 32a, 
said zone 32b having a width W and allowing the axis Z 
of the subsequently formed core 32 as the median axis. 

This is followed by the advantageously substantially 
anisotropic etching of the layer 320 through the mask 
formed. After removing the latter, this gives the micro 
guide core 32 and on either side of the latter two silica 
parts 320, which remain and are symmetrical to one 
another with respect to the axis 2 (FIG. 16). Thus, the 
?rst silica opening level has been de?ned, which will 
“prede?ne” the positioning of the optical ?ber. This is 
followed by the formation on the resulting structure of 
a silica overlap or covering layer 300 (FIG. 17), which 
is homologous to the layer 30 of FIG. 5. 

This is followed by the deposition on the layer 30a of 
the second masking material 35, which relates to the 
subsequent dry etching of the silica layers 28 and 30a 
(FIGS. 17 and 18). This material 35 is then etched in the 
manner shown in FIGS. 17 and 18, while taking ac 
count of the superimposing uncertainty of the mask. 
The zone 30b which appears as a result of the etching of 
the material 35, in plan view, substantially allows the 
axis 2 as the median axis, but the width Wi of said zone 
30b exceeds W, the difference (W i—W)/ 2 being at least 
equal to said uncertainty, which is of a technical order 
of magnitude. For example, if the superimposing can be 
obtained to within one micrometer, Wi-W is then 
chosen at least equal to 2 micrometers e. g. 2.5 microme 
ters. 

It is pointed out that the width W in the example 
described relative to FIGS. 15 to 20, is equal to a width 
determined both by the ?bre diameter and by the thick 
ness of the layers 28 and 30. 

It can be seen from FIGS. 17 and 18 that the etching 
of the material 35 is also provided, in the represented 
case, in such a way as to obtain, after etching the guid 
ance structure and then the substrate, a tongue like 
tongue 50 of FIG. 13. 

This is followed by the substantially anisotropic etch 
ing of the layers 28 and 30, up to the substrate 26, 
through the second mask obtained by etching said mate 
rial 35. This second mask is then removed. It should be 
noted that shoulders el and e2 are created on the sides 
of the layer 28 and at the bottom thereof, as a result of 
the etching of the layers 28 and 300 (FIG. 19). The 
median axis of these shoulders always coincides, in plan 
view, with the microguide axis 2 (where this is not 
necessarily the case for the median axis of the second 
mask). 

This is followed by dry isotropic etching of the sub 
strate 26, followed by the positioning of the optical ?ber 
52 (FIG. 20) in the thus obtained recess 53. The ?ber 52 
bears on the bottom of the groove-like recess (points A), 
seen in section in FIG. 20 and also on the ends B and C 
of the shoulders. The axis of the ?ber core 54 (chosen in 
such a way that said axis is also the axis of symmetry of 
the ?ber to within 0.2 micrometer) will therefore coin 
cide with the microguide axis 2 (obviously in the case 
where the vertical positioning is precise), thus ensuring 
an excellent alignment. 

Obviously, numerous modi?cations and variations of 
the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
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practiced otherwise than as speci?cally described 
herein. 
We claim: 
1. A connection process between an optical ?ber and 

an optical microguide which includes, on a substrate, a 
guidance structure having a core and two media, the 
respective refractive indices of which are below those 
of the core of the structure, said core being located 
between the two media, said process comprising the 
steps of: 

a ?rst etching of the guidance structure from one end 
of the optical microguide, so as to eliminate from 
said structure a zone allowing the axis of the micro 
guide core as a median line and whose width is at 
least equal to the external diameter of the optical 
?ber, the lateral walls of the etched structure re 
spectively forming in a direction parallel to the axis 
of the microguide, a bearing line for the ?ber, 

a second etching of a part of the substrate located 
beneath said zone which has been eliminated, said 
second etching being carried out by a dry process, 
through the etched guidance structure, said guid 
ance structure acting as a mask, and over a depth 
making it possible to bring about coincidence be 
tween the axis of the core of the microguide and 
the axis of the core of one end of the ?ber, when 
said end rests on the bottom of a recess thus formed 
in the substrate and 

?xing the end of the optical ?ber in the recess so as to 
obtain said coincidence. 

2. Process according to claim 1, wherein the ?rst 
etching comprises anisotropic etching. 

3. Process according to claim 1, wherein the second 
etching comprises isotropic etching. 

4. Process according to claim 1, wherein the width of 
the zone is equal to the external diameter of the ?ber. 

5. Process according to claim 3, wherein the substrate 
comprises silicon and the second etching comprises 
reactive ionic etching. 

6. Process according to claim 1, wherein the substrate 
comprises silicon, and the media which are adjacent to 
the core comprise not intentionally doped silica layers 
and wherein the core comprises doped silica. 

7. Process according to claim 1, wherein the substrate 
comprises silicon, the media adjacent to the core com 
prise not intentionally doped silica layers and the core 
comprises one of silicon nitride and silicon oxynitride. 

8. Process according to claim 6, wherein the total 
thickness of the silicon layers is approximately 15 to 30 
micrometers. ' 

9. Process according to claim 7, wherein the total 
thickness of the silica layers is approximately 15 to 30 
micrometers. 

10. Process according to claim 1, which comprises 
etching the guidance structure and substrate in such a 
way that, from the side of the ?ber-microguide inter 
face, the width of the eliminated zone decreases 
towards said interface. 

11. Process according to claim 1, which comprises 
etching the guidance structure during the ?rst etching, 
so as to free therefrom a tongue, which allows as the 
median line the axis of the microguide core and whose 
width is at the most equal to the depth of the recess. 
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12. Process according to claim 11, wherein the length 

of the tongue is at least equal to the depth of the recess. 
13. Process according to claim 1, wherein the micro 

guide comprises a superstrate which completely covers 
the microguide core and which comprises etching the 
guidance structure during the ?rst etching so as to leave 
a small superstrate thickness in front of the core. 

14. Process according to claim 1, which comprises 
placing an index adapting material at the ?ber-micro 
guide interface. 

15. Connection process between an optical ?ber and 
an optical microguide which includes, on a substrate, a 
guidance structure having a core and two media, the 
respective re?ective indices of which are below that of 
the microguide core of the structure, said core being 
located between the two media, said process compris 
mg: 

forming one of the media on the substrate, 
forming on said one of the media formed on the sub 

strate an intermediate layer from which the micro 
guide core is substantially produced, 

etching by a ?rst etching the intermediate layer so as 
to form the core of the microguide and so as to 
eliminate from said intermediate layer a zone al 
lowing the axis of the microguide core as the me 
dian line and having a width so as to permit the 
subsequent positioning of the optical ?ber in align 
ment with the microguide core, 

forming on the structure resulting from said etching 
of the intermediate layer an overlap layer which 
comprises the other of the media, 

etching the resulting guidance structure by a second 
etching so as to eliminate from said guidance struc 
ture another zone substantially allowing the axis of 
the microguide core as a median line and having a 
width, decreased by the width of the zone which is 
eliminated from the intermediate layer, which is at 
least equal to twice the uncertainty upon the super 
imposing of said zone, 

forming two shoulders at least in the ?rst media, 
wherein said two shoulders comprise bearing sur 
faces for the optical ?ber, . 

a third dry etching, through the resulting guidan 
structure acting as a mask, of the substrate located 
beneath said mask, over a depth so as to bring 
about coincidence between the axis of the micro 
guide core and the axis of the core of one end of the 
?ber when said end rests on the bottom of the 
recess formed in the substrate; and 

?xing the end of the optical ?ber in said recess so as 
to bring about the coincidence. 

16. Process according to claim 15, wherein the ?rst 
and second etchings comprise anisotropic etchings. 

17. Process according to claim 15, wherein the third 
dry etching comprises isotropic etching. 

18. Process according to claim 15, wherein by the 
second etching forms a tongue which has a median axis 
the axis of the microguide core and whose width is at 
most equal to the depth of the recess. 

19. Process according to claim 15, wherein by the 
second etching a tongue is formed which has as a me 
dian axis the axis of the microguide core and whose 
length is at least equal to the depth of the recess. 
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